The author measured blood concentrations of aldosterone, epinephrine, norepinephrine, and creatine kinase isozyme (brain type)(CK-BB) in 65 patients with hypertensive intracerebral hemorrhage. The purpose of this study was to evaluate these measurements in determining the severity of acute cerebral damage in such patients. There were 42 males and 23 females ranging in age from 30 to 93 years. Their clinical status was classified as mild or severe on the basis of neurological grading. In the mild group, plasma aldosterone increased slightly at the onset of disease, while the other markers showed no change. In contrast, the severe group showed elevation of all markers on admission, with a gradual return to normal by day 3 to day 7 of hospitalization.
Introduction
Computed tomography (CT) has improved the ac curacy of diagnosis of cerebrovascular disease, and its usefulness in this regard is undisputed. However, CT data alone do not provide sufficient information concerning the extent of brain damage and the effect of increased intracranial pressure.
Biochemical approaches to evaluate of brain damage have been attempted by many investigators. Among the substances studied are pituitary hor mone, catecholamines, and aldolase. "3,'s) The author measured blood levels of aldo sterone, epinephrine, norepinephrine, and creatine kinase isozyme (brain type) (CK-BB), which are known to change in the acute phase of brain dam age, and studied the relationships between these markers and the severity of brain damage.
Patients and Methods
The patients were 65 adults with hypertensive intra cerebral hemorrhage (ICH) diagnosed by CT per formed within 6 hours from the onset. They include 30 with putaminal hemorrhage, 16 with thalamic hemorrhage, six with pontine hemorrhage, five with cerebellar hemorrhage, and eight with subcortical hemorrhage (Table 1 ). The patients' ages ranged from 30 to 93 years (mean, 61.6 years).
Blood samples were collected at the time of admis sion and on days 3 and 7 of hospitalization (a total of three times in the acute phase of the disease). Plasma aldosterone was measured by radioimmunoassay, serum epinephrine and norepinephrine by high per formance liquid chromatography, and serum CK-BB by electrophoresis.
Normal values were considered to be 47-131 pg/ml for aldosterone, 0.12 ng/ml or less for epinephrine, 0.05-0.40 ng/ml for norepi nephrine, and 0-1 IU/l for CK-BB.
Status on admission was graded according to a previously described neurological classification.') Pa 
Results

I. Mild hemorrhage (grades 1 and 2)
As shown in Table 1 , there were 29 patients with mild hemorrhage. Figure 1 illustrates the findings in this group. On admission, mean plasma aldosterone levels were slightly elevated. They decreased significantly by day 3 and returned to normal by day 7. Serum epinephrine levels fluctuated within the nor mal range throughout the observation period. Serum norepinephrine also changed very little. Serum CK BB levels showed minor changes within the normal range.
II. Severe hemorrhage (grades [3] [4] [5] In the 36 patients in this group, the changes in the four biochemical markers were more pronounced (Fig. 2 ). The mean plasma aldosterone level was high at the time of admission, decreased significantly (p < 0.01) by day 3, and returned to normal by day 7. The serum epinephrine concentration was elevated at the time of admission, decreased markedly by day 3 (p < 0.01), and further decreased by day 7. The serum norepinephrine level was high at the time of admission, decreased significantly by day 3 (p < 0.01), and declined further by day 7. An increase in the mean CK-BB concentration was observed at the time of admission and on day 3. It returned to nor mal by day 7 (p < 0.05).
III.
Relationships between the biochemical markers at the time of admission and the hematoma site As Table 2 IV. The relationships between the biochemical markers at the time of admission and outcome (Fig. 3) Lower aldosterone levels were associated with a better outcome, and this difference was significant (p < 0.05). Patients with lower epinephrine levels also had better outcomes, although this correlation was not significant.
In the poor outcome group, norepinephrine levels were significantly higher than those in the good outcome group (p < 0.01). Fi nally, the CK-BB concentration was most strongly correlated with outcome; patients with poor out comes had a much higher mean CK-BB level than those with good outcomes (p < 0.01). 
Discussion
In patients with cerebrovascular disease, precise knowledge of the severity of brain damage and the intensity of stress is very important in planning ap propriate treatments. With cranial CT scanning, it is possible to identify the site of bleeding in patients with hypertensive ICH. However, although CT pro vides a great deal of anatomical information, it yields little information concerning cerebral metabo lism. In this study, the author evaluated four biochem ical markers as indices of the severity of brain damage and the intensity of stress in patients with acute hypertensive ICH.
CK-BB is present in high concentration in the brain. The significance of this substance as a quanti tative index of cerebral tissue damage has been reported by several investigators .1,1,13) The author has also confirmed its usefulness in diagnosing head trauma. 13 days and 12 days after onset. The catecholamine con centration might be expected to peak on the day of onset, since the increase in blood pressure at this time suggests accelerated sympathetic nervous activi ty. The plasma aldosterone level increases under anesthesia and at the time of surgery,") and its usefulness as an indicator of stress is well known. The author found plasma aldosterone levels to be high in patients with severe head trauma and acute cerebrovascular disease. 11,12) The increase in aldo sterone was greater in patients with subarachnoid hemorrhage than in those with ICH or cerebral in farction. 12) In patients with subdural hematoma, plasma aldosterone levels were correlated with the degree of midline shift as shown by CT.") These observations suggest an association between the plasma aldosterone concentration and intracranial pressure. 11)
In the present study, too, aldosterone was elevated in severe cases and its concentration was well cor related with the outcome. Thus, plasma aldosterone appears to be a valuable stress index.
Comparison of the four parameters by site of hemorrhage revealed that, generally, aldosterone in creased in thalamic hemorrhage, epinephrine and norepinephrine in pontine hemorrhage, and CK-BB levels in cerebellar and thalamic hemorrhage.
Of course, determination of definite site specificity of these parameters requires considerably more research.
However, the behavior the parameters studied indicates that they are influenced by separate mechanisms. The results reported here support the contention that blood levels of aldosterone, epine phrine, norepinephrine, and CK-BB are valuable in assessing the severity of brain damage and the inten sity of stress.
